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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

TITLE : MATCHING NETWORK HYBRID ELECTRO-MAGNETIC 
COMPATIBILITY ABSORBER 

5 

SPECIFICATION 
BACKGROUND 

1 . Technical Field 

10 The present invention relates generally to radio frequency (RF) absorbers operable for use in 
electro-magnetic compatibility (EMC) testing applications; and, more particularly, it relates to a 
matching network hybrid EMC absorber for use in treating walls and ceiling of a shielded 
anechoic (non-reflective) EMC test enclosure. 

15 2. Related Art 

RF absorbers are commonly used in treating metallic surfaces of a shielded enclosure to 
produces an ideal test environment for conducting antenna, and radar cross-section 
measurements in the frequency range of several hundred Mega-Hertz (MHz) up to 100 Giga- 
Hertz (GHz) in the past four decades. More recently, similar technology has also been employed 

20 to conduct RF measurements for EMC compliance of intentional and unintentional radiators 

(such as mobile communications devices and digital equipment) from as low as 20 MHz up to 40 
GHz. A special class of RF absorbers has been developed to accommodate the low frequency 
test accuracy required by the EMC test specifications developed by the Federal Communications 
Commission (FCC) and other International EMC Regulatory bodies. This special class of RF 

25 absorbers is often referred to generally as EMC absorbers due to its unique design features that 
differ from the higher frequency absorbers. 
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Conventional EMC absorbers, installed on the metallic surfaces of EMC test facilities, 
are typically covered entirely with an absorber material. Common approached dealing with 
conventional EMC absorber technology includes modification of the shape of the absorber. The 
first usable type of EMC absorber is of a dielectric material (polyurethane foam impregnated 
5 with carbon film through its volumetric entirety) only having a thickness ranging from 2.4 meters 
to 3.6 meters. Designs and developments have included the varying of the physical size of 
absorbers as well as varying the physical shape of absorbers in an attempt to accommodate low- 
frequency absorbing performance required by EMC test applications. In general, the shape of 
absorbers may be classified as having a substantially pyramid type of shape. Sometimes, the 

10 apex of the pyramid type of shape is severed, leaving a flat top that is parallel with the base. This 
last variation in the shape of an absorber, having a severed apex of the pyramid, has proven to be 
one of the largest and most divergent changes in absorber design in the past several years. 

The predominant approach among designers of absorbers has been focused on the altering 
of the size and shape of the absorber to accommodate various test needs. In addition, there has 

15 been development directed towards using different sub-layers of various materials on which an 
absorber is laid in an effort to enhance absorber and test system performance. In these 
conventional approaches, an entirety of an absorber is impregnated, or at least all of at least one , 
side of the absorber. In some applications, these sub-layers constitute dielectric materials, and 
sometimes the various sub-layers each have different dielectric constants. Due to enormous size 

20 of the absorber and dimensions of the shielded enclosure to accommodate the absorbers and 

required working space, the large dielectric absorbers are often found to be too costly to be used 
to build an EMC test facility. 



3 



Attorney Docket No. 0< 




.0011 



PATENT 



In the 1990's, another type of EMC absorbers using sintered magnetic lossy material in 
the form of ferrite tile or ferrite grid tiles was introduced to build EMC test facilities. The ferrite 
and grid tiles are especially effective at lower frequency range. In addition, the physical 
thickness of the magnetic absorbers can be as thin as several millimeters to a few centimeters. 
5 These advantages enable EMC test facilities to be constructed much smaller. However, due to its 
flat surface, its higher frequency absorbing performance is severely limited to less than 2 GHz. 
Furthermore, since most ferrite absorbing materials are manufactured using a 10cm x 10cm 
footprint, the presence of air gaps between ferrite tiles on a wall surface substantially degrades its 
RF absorbing performance at the low frequency end. These two limitations effectively restrict 

10 the use of ferrite absorbers to function alone as premium performing RF absorber to construct an 
EMC test facility in a cost effective manner. 

A third type of EMC absorber combining the ferrite magnetic absorber and foam 
dielectric absorbers was introduced to circumvent the disadvantages of the previous two types of 
EMC absorbers. This hybrid type of RF absorber is typically designed to have dielectric 

15 absorber in front of the ferrite tile absorbers. When designed properly, the dielectric and 

magnetic absorbers work jointly to help improve the low frequency end. At higher frequency 
(above 1 GHz), the dielectric absorber, normally shaped like a pyramid, absorbs almost all of the 
RF energy before it reaches the ferrite material. The hybrid EMC absorbers with premium 
absorbing performance are typically of a height from approximately 1.0 to !.8jneters. However, 



20 due to the high cost of volumetric contents of its dielectric absorber and^fenit^ 
absorbers still cost rather high. 
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Further limitations and disadvantages of conventional and traditional systems will 
become apparent to one of skill in the art through comparison of such systems with the present 
invention as set forth in the remainder of the present application with reference to the drawings. 
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SUMMARY OF THF. TNVFiyTTrw 

One aspect of the present invention allows the development of a low-cost broadband 
matching network in front of the ferrite tile absorber so that the ferrite tile absorber with air gaps 
can be very effective at low frequency range from approximately 20 MHz to 500 MHz. With the 
5 help of numerical model, the matching network and tile absorbers still maintain the overall 
premium performance from 500 MHz to 1 GHz. The lossy contents of the matching network 
may also be properly designed so that it absorbs a majority of the RF energy before it reaches the 
flat surface of ferrite tile in the frequency range of approximately 1 to 40 GHz. 

Various aspects of the present invention can be found in a matching network hybrid 
10 electro-magnetic compatibility absorber to provide improved radio frequency absorbing 

performance in a frequency range of approximately 20 MHz to approximately 500 MHz. The 
matching network hybrid electro-magnetic compatibility absorber includes a big element, a small 
element that is located beneath the big element, the big element comprises a big element surface, 
the small element comprises a small element surface, a big element coating that ■ 
15 predetermined portion of the big element surface, and a small element coating that , 
predetermined portion of the small element surface. 

In certain embodiments of the invention, the matching network hybrid electro-magnetic 
compatibility absorber has a substantially pyramid-like shape, and the predetermined portion of 
the big element surface includes less than an entirety of the big element surface, and the 
20 predetermined portion of the small element surface includes less than an entirety of the small 
element surface. At least one of the big element coating and the small element coating has a 
substantially tear drop shape. At least one of the big element coating and the small element 
coating has a predetermined thickness. The big element and the small element are separated by a 



covers a 
covers a 
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predetermined distance. The big element has at least two surfaces, and the at least two surfaces 
are separated by a distance having a predetermined thickness. The big element coating is made 
of a first material, and the small element coating is made of a second material. The matching 
network hybrid electro-magnetic compatibility absorber also includes at least one additional big 
5 element coating that covers at least one additional predetermined portion of the big element 
surface. The at least one additional predetermined portion of the big element surface being less 
than an entirety of the big element surface. 

Various other aspects of the present invention can be found in a matching network hybrid 
electro-magnetic compatibility absorber to provide improved radio frequency absorbing 

10 performance in a frequency range of approximately 20 MHz to approximately 500 MHz. The 
matching network hybrid electro-magnetic compatibility absorber includes a layer having a 
surface, and a coating that covers a predetermined portion of the surface. 

In certain embodiments of the invention, the coating has a predetermined shape. The 
layer includes at least one additional surface, and at least one additional coating covers a 

15 predetermined portion of the at least one additional surface. The predetermined portion of the at 
least one additional surface includes less than an entirety of the least one additional surface. The 
matching network hybrid electro-magnetic compatibility absorber also includes at least one 
additional layer. The at least one additional layer includes at least one additional surface. The 
matching network hybrid electro-magnetic compatibility absorber also includes at least one 

20 additional coating covers a predetermined portion of the at least one additional surface. The 
predetermined portion of the at least one additional surface includes less than an entirety of the 
least one additional surface. The matching network hybrid electro-magnetic compatibility 
absorber also includes at least two elements, and at least one of the two elements includes the 
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layer. The layer includes at least one additional surface, and a distance between the surface and 
the at least one additional surface is of a predetermined thickness. The coating has a 
predetermined thickness, and the predetermined portion of the surface includes less than an 
entirety of the surface. 

5 Various other aspects of the present invention can be found in a matching network hybrid 

electro-magnetic compatibility absorber. The matching network hybrid electro-magnetic 
compatibility absorber includes an absorber having a surface having a coating. The coating 
indues at least one of a coating type, a coating shape, a coating thickness, and a coating 
placement. At least one of the coating type, the coating shape, the coating thickness, and the 
10 coating placement is varied as a design parameter to permit absorption of radio frequency energy 
in a frequency range extending from approximately 500 MHz to approximately 40 GHz. 

In certain embodiments of the invention, the coating shape has a substantially tear drop 
shape. The coating covers an entirety of the surface. Alternatively, the coating covers less than 
an entirety of the surface. The surface includes at least one additional coating that includes at 
15 least one of at least one additional coating type, at least one additional coating shape, at least one 
additional coating thickness, and at least one additional coating placement. 

Other aspects, advantages and novel features of the present invention will become 
apparent from the following detailed description of the invention when considered in conjunction 
with the accompanying drawings. 

20 
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BRIEF DESCRIPTION OF THE DRAWINGS 



A better understanding of the present invention can be obtained when the following 



detailed description of various exemplary embodiments are considered in conjunction with the 
following drawings. 

Fig. 1 is a system diagram illustrating an embodiment of a matching network hybrid 
EMC absorber system built in accordance with the present invention. 

Fig. 2 is a system diagram illustrating an embodiment of a matching network hybrid 
EMC absorber built in accordance with the present invention. 

Fig. 3 A is a system diagram illustrating another embodiment of a matching network 
hybrid EMC absorber built in accordance with the present invention from a top view. 

Fig. 3B is a system diagram illustrating a side view perspective of the matching network 
hybrid EMC absorber of the Fig. 3 A. 

Fig. 4A is a system diagram illustrating another embodiment of a matching network 
hybrid EMC absorber built in accordance with the present invention from a side view. 

Fig. 4B is a system diagram illustrating an other side view perspective of the matching 
network hybrid EMC absorber of the Fig. 4A. 

Fig. 5 is a functional block diagram illustrating an embodiment of a matching network 
hybrid EMC absorber method performed in accordance with the present invention. 

Fig. 6 is a functional block diagram illustrating another embodiment of a matching 
network hybrid EMC absorber method performed in accordance with the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

The present invention is operable to generate a matching network hybrid electro-magnetic 
compatibility (EMC) absorber that is capable to create a broadband matching network at a 
relatively low frequency range from approximately 20 MHz to 500 MHz. A matching network 
hybrid EMC absorber, built in accordance with the present invention, is operable to perform as a 
coordinated component in the whole absorber assembly. By properly adjusting the lossy loading 
films of the broadband matching network through the use of a computer model, the absorber 
assembly can be designed to also absorb majority of the RF energy before it reaches the flat 
surface of a ferrite tile in the frequency range of approximately 1 to 40 GHz. When this hybrid 
EMC absorber is applied to the walls and ceiling of many test facilities, the matching network 
hybrid EMC absorber allows a designer to ensure that electro-magnetic illumination on the 
treated surfaces is absorbed very effectively by this special matching network hybrid EMC 
absorber. The coating of an absorber-like material, in various shapes, over any type of substrate^ 
is used to control the electrical properties of the matching network hybrid EMC absorber. In 



certain embodiments of the invention, the substrate is a material having, in terms of electrical and 
magnetic properties, substantially air- like characteristics. 

Fig. 1 is a system diagram illustrating an embodiment of a matching network hybrid 
EMC absorber system 100 built in accordance with the present invention. The matching network 
hybrid EMC absorber system 100 includes an absorber coating determination sub-system 101 
that is used to determine the coating to be used on a matching network hybrid EMC absorber. As 
specifically shown for illustration in the Fig. 1, the absorber coating determination sub-system 
101 is used, to determine the coating on a matching network hybrid EMC absorber surface 110. 
The matching network hybrid EMC absorber surface 1 10 is exemplary of any surface, frontside, 
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backside, or any other surface of a matching network hybrid EMC absorber as will be understood 
in the various Figures showing alternative embodiments of the invention. Any number o7~^ 
coating parameters are used by the absorber coating determination sub-system 101 including a ) 
coating shape 102, a coating type 103, a coating thickness 104, a coatin g/ placement 105, a / 
5 surface thickness 106, multiple surface layers 107 or any other coating parameter 109. J 
There are coated portion(s) 1 1 1 on the matching network hybrid EMC absorber surface 
110. If desired, there may be as few as no coated portion(s) 1 1 1 or coatings on an entirety of the 
matching network hybrid EMC absorber surface 1 10 constitutes a coated portion(s) 1 1 1 in 
various embodiments of the invention. In the exemplary embodiment of the Fig. 1 shows one 
coated portion in a substantially tear drop shape. In addition, other coated portion(s) 1 1 1 are 
located at the lower corners of the matching network hybrid EMC absorber surface 1 10. Any 
number of variations of coated portion(s) 1 1 1 are used in various embodiments of the invention. 
One aspect of the present invention, when compared to conventional absorber technologies, is 
the fact that the present invention is operable to accommodate coating of only portions of the 
matching network hybrid EMC absorber surface 1 10. As mentioned elsewhere, conventional 
absorber technologies focus primarily on coating of all of an absorber surface. 

The various parameters used by the absorber coating determination sub-system 101 are 
all used to control the electrical properties of an absorber. For example, the shape of a partial 
coating on the matching network hybrid EMC absorber surface 1 10 affects the electrical 
properties of the absorber. From certain perspectives, the implementation of partial coating on 
an absorber surface allows the de-coupling of the mechanical or physical properties of the 
absorber from the electrical properties of the absorber. A designer is no longer limited to the 
mere availability of the mechanical and physical shape of an absorber to control the electrical 
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properties of the absorber for use in an absorber system. Moreover, the coating type 103 that is 
used will also affect the electrical properties of an absorber. For example, as shown in the Fig. 1, 
different coatings may be used on different portions of the matching network hybrid EMC 
absorber surface 110. The coating type 103 of the tear drop coated portion 1 1 1 differs from the 
coating type 103 of the coated portions 1 1 1 shown at the lower corners of the matching network 
hybrid EMC absorber surface 110. Also, the coating thickness 104 of certain coating materials 
will affect the electrical properties of the absorber as well. Clearly, the coating placement 105 
will modify the electrical properties of the absorber. The surface thickness 106 and the multiple 
surface layers 107 will perhaps be more easily understood in conjunction with the following 
Figures. The present invention provides for matching network hybrid EMC absorbers having 
various components, each having sometimes multiple surface layers 107 where one or both sides 
of one of the multiple surface layers 107 may be coated. The surface thickness 106 of the 
multiple surface layers 107 is yet another parameter that may be varied and controlled by a 
designer to control the electrical properties of an absorber. In addition, the any other coating 
parameter 109 is also operable to control the electrical properties of an absorber as well. 

Fig. 2 is a system diagram illustrating an embodiment of a matching network hybrid 
EMC absorber 200 built in accordance with the present invention. The matching network hybrid 
EMC absorber 200 is placed upon a ferrite tile layer 220. The ferrite tile layer 220 is, in certain 
embodiments of the invention, a tile layer of the interior of a test chamber used for electro- 
magnetic testing of any number of devices. The matching network hybrid EMC absorber 200 is 
substantially of a triangular or pyramid shape with a flat top. The matching network hybrid 
EMC absorber 200 includes a number of coated portion(s) 201 . As mentioned above in the 
discussion of the Fig. 1 is equally applicable here as well. For example, there may be as few as 
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no coated portion(s) 201 or coatings on an entirety of the matching network hybrid EMC 
absorber 200 constitutes a coated portion(s) 201 in various embodiments of the invention. The 
Fig. 2 shows the availability of single or multiple coating portion(s) on an absorber surface. The 
exemplary embodiment of the Fig. 2 shows one coated portion in a substantially tear drop shape. 
In addition, other coated portion(s) 201 are in other shapes besides a tear drop shape. Similarly as 
shown by the coated portion(s) 1 1 1 in the Fig. 1, the coated portion(s) 201 may be made using 
different coating materials. 

Fig. 3 A is a system diagram illustrating another embodiment of a matching network 
hybrid EMC absorber 300A built in accordance with the present invention from a top view. The 
matching network hybrid EMC absorber 300A is shown as being a substrate having two different 
layers, each having a different surface thickness. Each of the multiple layers of the matching 
network hybrid EMC absorber 300A has a frontside and a backside surface that may be coated. 
There is particularly an outer surface and an inner surface of the matching network hybrid EMC 
absorber 300A. For example, the matching network hybrid EMC absorber 300A, as shown in the 
Fig. 3 A, has a coated portion of an outer surface frontside 31 1 and a coated portion of an outer 
surface backside 3 12. In addition, the matching network hybrid EMC absorber 300A has a 
coated portion of an inner surface frontside 321 and a coated portion of an inner surface backside 
322. The thickness of each of the multiple layers of the matching network hybrid EMC absorber 
300A is one design parameter, and the distance of air gap(s) between the multiple layers 305 is 
yet another design parameter. The varying of the thickness of the various multiple layer surfaces 
will affect the electrical properties of the matching network hybrid EMC absorber 300A. 
Similarly, the varying of the distance of air gap(s) between the multiple layers 305 will also 
affect the electrical properties of the matching network hybrid EMC absorber 300A. 
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Fig. 3B is a system diagram illustrating a side view perspective of the matching network 
hybrid EMC absorber 3 00 A of the Fig. 3 A, shown in the Fig. 3B as a matching network hybrid 
EMC absorber 300B. The Fig. 3B shows a number of coated portion(s) 301 in substantially tear 
drop shapes. Clearly, in various embodiments of the invention, the shapes of the coated 
5 portion(s) 301 are of other shapes as well. The coated portion of the outer surface frontside 3 1 1 
and the coated portion of the outer surface backside 312, as well as the coated portion of the 
inner surface frontside 321 and the coated portion of the inner surface backside 322, are all 
visible from the side view perspective of the matching network hybrid EMC absorber 300A, 
shown as the matching network hybrid EMC absorber 300B. 
10 Fig. 4A is a system diagram illustrating another embodiment of a matching network 

hybrid EMC absorber 400A built in accordance with the present invention from one side view. 
The matching network hybrid EMC absorber 400A is shown as being a substrate having multiple 
layers, each of substantially pyramid-like shape. From certain perspectives, the multiple layers 
are viewed as being a big element and a small element. One of the layers has a substantially flat 
15 top, and the multiple layers are placed one on top of each other and separated by an air gap 
between the multiple layers 405. In this embodiment, two different of the multiple layers are 
shown, and there is a single air gap between the multiple layers 405, but clearly in embodiments 
of the present invention with more than two layers, even more air gaps may be employed. The 
outer surface of the matching network hybrid EMC absorber 400A is shown as having a first 
20 thickness. On this outer surface, there is a coated portion of an outer surface frontside 411 and a 
coated portion of an outer surface backside 412. 

In addition, the matching network hybrid EMC absorber 400A has a coated portion of an 
inner surface frontside 421. While not used in this particular embodiment, a coated portion of 
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the inner surface backside could be used as well in various embodiments of the invention. There , 
is also shown on the outer surface an available portion of the outer surface to coat 431. If desired 
in certain embodiments of the invention, this portion also includes a coating to affect the- 
electrical properties of the matching network hybrid EMC absorber 400A. 
5 The thickness of each of the layers of the matching network hybrid EMC absorber 400A 

is one design parameter, and the distance of air gap(s) between the multiple layers 405 is yet 
another design parameter. The varying of the thickness of the various multiple layer surfaces 
will affect the electrical properties of the matching network hybrid EMC absorber 400A. 
Similarly, the varying of the distance of air gap(s) between the multiple layers 405 will also 
10 affect the electrical properties of the matching network hybrid EMC absorber 400A. 

Fig. 4B is a system diagram illustrating an other side view perspective of the matching 
network hybrid EMC absorber 400A of the Fig. 4A, shown in the Fig. 4B as a matching network 
hybrid EMC absorber 400B. The Fig. 4B shows a coated portion in a substantially tear drop 
shape. Clearly, in various embodiments of the invention, the shapes of the coated portions may 
15 be of other shapes as well. The coated portion of the outer surface frontside 41 1 and the coated 
portion of the inner surface frontside 421 are visible from the other side view perspective of the 
matching network hybrid EMC absorber 400A, shown as the matching network hybrid EMC 
absorber 400B. 

Again, there are various parameters that may be used by a designer of the matching 
20 network hybrid EMC absorber 400A (and the matching network hybrid EMC absorber 400B) to 
control its electrical properties. The surface thicknesses of the multiple layers and the coating 
thicknesses are two such parameters that may be varied. Moreover, any of the number of coating 
parameters shown in the Fig. 1 including the coating shape 102, the coating type 103, the coating 
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thickness 104, the coating placement 105, the surface thickness 106, the multiple surface layers 
107 or the any other coating parameter 109 are also parameters that are variable to control the 
electrical properties. 

Fig. 5 is a functional block diagram illustrating an embodiment of a matching network 
5 hybrid EMC absorber method 500 performed in accordance with the present invention. In a 
block 510, electro-magnetic test parameters are selected. If desired, numerical modeling is 
employed in a block 515 to determine the coating parameters. Any of the coating parameters in 
the Fig. 1 include coating parameters that may be used in the operations of the blocks 510 and 
515 as shown in the Fig. 5. In a block 520, coating parameters are determined for coating of a 
10 matching network hybrid EMC absorber. In a block 530, any number of coating(s) are applied to 
the matching network hybrid EMC absorber. Then, in a block 540, a test is run using the 
matching network hybrid EMC absorber. 

Fig. 6 is a functional block diagram illustrating another embodiment of a matching 
network hybrid EMC absorber method 600 performed in accordance with the present invention. 
15 In a block 610, an object, such as a test object, is identified that is to be electro-magnetically 
tested. Subsequent to the identification of the test object in the block 610, the particular electro- 
magnetic test requirements are input in a block 620. 

If desired, a number of subsequent operations in the Fig. 6 are performed using numerical 
modeling. In a block 631, type(s) of coating(s) are determined. As few as one type of coating 
20 may be used, and clearly, any number of types of coatings may also be used. In certain 
embodiments of the invention, a first material is used for one coated portion of a matching 
network hybrid EMC absorber and a second material is used for another coated portion of the 
matching network hybrid EMC absorber in the matching network hybrid EMC absorber method 
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600. In a block 632, the thickness(es) of the coating(s) are then determined. A single coating 
thickness may be used if desired. In a block 633, the shape(s) of the coating(s) are determined. 
Similarly, as few as one type of shape may be used. In a block 634, the placement of the 
coating(s) are mapped. Similarly, as few as one placement for all coatings may be used on one 
5 or all of multiple surfaces or layers of a matching network hybrid EMC absorber. In a block 635, 
the number of surface layer(s) is determined. A single layer may be used. A big element and a 
small element may be used. Any number of surface layers may be used in various embodiments 
of the invention. In a block 636, the surface thickness(es) are determined. As mentioned above, 
the operations in the blocks 631-636 are all performed individually, or cooperatively, using 

10 numerical modeling. 

Subsequently, the coating(s) identified in the preceding blocks are applied to the 
matching network hybrid EMC absorber in, a block 640. As mentioned above, any number of 
coating may be used. Any variety of shapes of coatings may be used. As few as a single type of 
coating and a single shape may be used in certain embodiments of the invention. The 

15 combination of parameters governing the coating of the matching network hybrid EMC absorber 
that are ultimately identified will be used during the application of the coating(s) to the matching 
network hybrid EMC absorber in the block 640. After the coating(s) have been placed on the 
matching network hybrid EMC absorber, then in a block 650, the matching network hybrid EMC 
absorber and the test object identified in the block 610 are placed into a test chamber. Then, in a 

20 block 660, a test is run using the matching network hybrid EMC absorber. After the test has 
been run, then in a block 670, it is determined whether the test object has passed or failed the 
test. Any number of qualification criteria are used in various embodiments of the invention to 
determine whether the test object has passed or failed the test run in the block 660. 
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In view of the above detailed description of the present invention and associated 
drawings, other modifications and variations will now become apparent to those skilled in the 
art. It should also be apparent that such other modifications and variations may be effected 
without departing from the spirit and scope of the present invention. 
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